Summary -An efficient method for the simultaneous determination of free amino acids (FAA) and biogenic amines (BA) was applied to the analysis of presumed raw milk cheeses of the following types:
INTRODUCTION
Many attempts have been made to monitor proteolysis in cheese ripening by analyzing the different nitrogen fractions (McSweeney and Fox, 1993) , but Iittle effort has been made to identif Ythe entity of individual compounds of such relatively complex fractions. Peptide analysis reveals specifie information on proteolytic pathways, provided that the primary products of proteolysis have been identified by sequencing (Polo et al, 1985; Addeo et al, 1992; Belitz and Kaiser, 1993) .
The Iiberation of amino acids in cheese ripening was recognized very early (Ritter et al, 1966; Schormüller, 1968) , and their contribution to cheese flavour has been discussed (Fox et al, 1993) . Il is weil established that most microorganisms participating in the different stages of cheese ripening require certain free amino acids (FAA) as growth factors (Cogan and Hill, 1993) . Furthermore, FAA composition has been evaluated to serve as typicality and quality index of several chee se varieties (Resmini et al, 1985 (Resmini et al, , 1993 Resmini and Pellegrino, 1986) . Although the absolute amounts of FAA vary to a large extent according to cheese type and age, relative amounts (percentage of individual FAA in total FAA) reveal significant differences in several cheese varieties or different ripening technologies applied to one cheese variety (Bütikofer and Fuchs, 1997) . Several non-proteinogenic FAA (eg, (X-and y-amino butyric acid, e-amino caproic acid) formed during amino acid metabolism may serve as early indicators of quality defects as a consequence of undesired fermentation or infection, as they may inhibit further proteolysis.
Aside from the toxicological potential of histamine, tyramine, 2-phenylethylamine (Taylor et al, 1982; Joosten, 1988) and the undesired flavour of putrescine, cadaverine, spermine, spermidine (Askar and Treptow, 1986) , biogenic amines (BA) formed by decarboxylation of amino acid precursors provide additional information on cheese ripening and quality. In combination with FAA values, an extended set of data is available for the individual characterization of the ripening processes.
We have recently developed a method for the simultaneous determination ofFAA and BA in various food and biological matrices (Krause et al, 1995) using pre-column derivatization via dabsyl chloride. The present paper describes the application of this method to the analysis of presumed raw milk cheeses.
MATE RIALS AND METHODS
Cheese samples were obtained from the market or directly from several producers. Alkaline phosphatase activity was determined according to Rocco (1990) to ascertain whether raw milk had really been used for chee se production. Extraction of FAA and BA, deproteination of the extracts by micro-scale ultrafiltration, derivatization with dabsyl chloride and chromatography were performed as described elsewhere (Krause et al, 1995; Bockhardt et al, 1996) .
RESUL TS AND DISCUSSION

Procedures
For the analysis of cheese samples, extracts prepared by homogenization with 0.1 mol/L hydrochloric acid were simply but effectively deproteinized by micro-scale ultrafiltration. Without further pre-treatment, the resulting filtrates containing FAA and BA were directly analyzed using an automated pre-column derivatizer/autosampler.
The elution profiles of an amino acid and biogenic amine standard mix-ture (A) and a hard cheese sample with abnormal tlavour (B) are given in figure 1, illustrating the high separation efficiency of the chromatographie system. More th an 40 ami no acids and their metabolites could be separated simultaneously. Peak areas and concentrations were found to be linearly related from 1.25 to 1250 pmol and the detection limits ranged between 0.12 and 0.52 pmol. The average repeatabilities ranged between 1.3 and 3.1 % and the recovery values were between 98 and 104% (Krause et al, 1995) .
FAA and BA of raw milk cheese
Analysis of 103 cheese sampI es, presumed to be from raw milk, revealed that absolute amounts of FAA and BA varied to a large extent according to chee se age, type and origin, as has been reported by several authors (eg, Schormüller, 1968; Sieber et al, 1988; Lavanchy and Sieber, 1993; McSweeney and Fox, 1993; Bütikofer and Fuchs, 1997) . Glutamic acid dominated in ail cheese samples analyzed, the absolute amount reaching values up to 8 000 mg/kg, where its flavour-enhancing properties should be taken into consideration (Preininger et al, 1996) . Total amounts of FAA and BA were highest in hard cheeses, ranging from 10-40 g/kg, whereas for serni-hard cheese amounts usually lower than lOg/kg were observed. In fully ripened soft chee se samples amounts were below 15g/kg, and pre-mature soft cheeses ranged within 5 and 7 glkg. Independently of cheese type, age and origin, the relative proportions of FAA and BA could be divided into four classes with different levels. In the first group (i), the principal FAA were glutamic acid, leucine and lysine (1G-20% of total FAA), followed by proline, valine and phenylalanine (6-10% of total FAA) in the second group (ii). The third group (iii) consisted of alanine, methionine, glutamine and isoleucine (3-6% of total FAA). The last group (iv) contained residual FAA and BA ranging between 0 and 3%. Similar results for different types of cheese have been obtained by other authors (summarized by McSweeney and Fox, 1993) .
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Séparation par RP-HPLC de dérivés dabsyl de AAL et de AB dans un mélange standard (A) et dans unfromage d'emmental (B).
In our investigations, special attention has been paid to selected FAA and their secondary metabolites (table 1) . In severaI hard and semihard cheeses, significant levels of histamine and tyramine were reached (up to 1000 mg/kg), whereas the maximum level of tyramine, cadaverine and putrescine was close to 2000 mglkg. If high levels of BA were present in cheese sampIes, their amino acid precursors decreased correspondingl y.
We have also compared data on FAA and BA of selected raw milk cheeses (Emmental, Bergkâse, semi-hard and soft cheeses) with phosphatase activity above 200 mU/g to those of the same cheese type but with low residual phosphatase activity (table II) . In these samples, it was concluded that either the cheese milk has been Iow-ternperature pasteurized or elevated cooking temperatures had been applied. Depending on the cheese type, the levels of selected FAA and their corresponding metabolites showed distinguishable tendencies. Histidine content was insensitive to heating, whereas histamine levels decreased in Emmental and Bergkâse with low phosphatase activity, but not 
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in semi-hard and soft cheese. Tyrosine and lysine levels decreased in Emmental and Bergkâse with low phosphatase activity, but increased in semihard and soft chee se, whereas tyramine level decreased remarkably only in semi-hard and soft cheese. Cadaverine level was obviously increased in Emmental and Bergkâse with low phosphatase activity, but decreased in serni-hard and soft cheese. Within the group of arginine metabolites (table 1) different tendencies occurred for individual cheese types. With the exception of soft cheeses, glutamic acid was generally lower upon heating, whereas y-amino butyric acid increased, especially in Bergkâse.
In a further study, the influence of partial bactofugation (10 and 90%) of milk used for the production of Emmental cheese was investigated. Use of 90% bactofugated milk led to an almost complete decrease in putrescine and cadaverine (fig 2) , but did not significantly influence the formation of histamine, tyramine and 3-methylbutylamine. Although the significance of these results has not yet been proved, the data clearly demonstrate the efficiency of the method, being capable of simuItaneously determining c1ose1y-related amino acid metabolites and thus providing data on the influence of technological processes on the quality of cheese as judged by their FAA and BA content.
Amino acid»
ln figure 3, the FAA and BA profile of a regular Emmental cheese is compared to that of the same cheese type with a pronounced sensory defect; a chromatogram of the latter is shown in figure 1B . ln addition to a high leve1 of cadaverine which possibly contributes to the abnormal flavour, high amounts of ô-amino-valeric acid (up to 2200 mg/kg) were observed throughout in ail cheese samples showing the same flavour defect (n = 12). This arginine metabolite (table 1) , which in regular cheese samples of the same type and age was found to be remarkably lower (100-200 mg/kg), might serve as an indicator of anaerobie contaminating microorganisms (Bockhardt et al, 1997 ). 
